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1  | INTRODUC TION
A	 great	 challenge	 in	 ecology	 is	 understanding	 the	 evolutionary	





use	 by	 animal	 species,	 including	 abiotic	 factors,	 such	 as	 climatic	
variables,	 and	 biotic	 factors,	 such	 as	 resource	 availability,	 re‐
source	 overlap	 between	 two	 species	 and	 their	 relative	 positions	
in	the	food	web	(Kotler	&	Brown,	2007).	The	necessity	to	consider	
species	 interactions	 in	 species	distribution	models	 has	 advanced	
our	understanding	of	how	overlap	 in	 resource	use	and	particular	
characteristics	 of	 those	 resources	 influences	 coexistence	 of	 two	





ence	 of	 competitors	 prevents	 the	 use	 of	 the	 entire	 fundamental	
niche,	 restricting	 the	 organism	 to	 its	 “realized	 niche,”	which	 is	 a	








most	 dominant	 competitor	 (Hutchinson,	 1961)	 and	 are	 thus	 not	
consistent	 with	 species	 coexistence.	 Importantly,	 species	 may	
have	 become	 specialized	 through	 character	 displacement	 (e.g.,	
morphological	differentiation)	by	partitioning	the	shared	resource	
(Walter,	1991).	Such	niche	partitioning	reduces	exploitation	com‐




them	 to	 coexist	 (Pianka,	 1981).	 Spatial	 or	 temporal	 variations	 in	
resource	availability	can	lead	to	changes	in	the	pattern	of	habitat	




related	 species	 can	 inform	 on	 how	 their	 abundance	 and	 distribu‐
tion	 may	 be	 influenced	 by	 their	 niche	 breadth	 or	 niche	 position	
(Benítez‐López	 et	 al.,	 2014;	 Gaston,	 Blackburn,	 &	 Lawton,	 1997).	
Many	aspects,	such	as	reproductive	success	and	resource	use,	are	






tion	can	also	occur	on	a	 temporal	basis,	 leading	to	 temporal	niche	




















types	may	vary	with	habitat	 types	and	 seasons	due	 to	phenologi‐
cal	patterns	in	plants	(Poulsen	&	Clark,	2004;	Yamagiwa,	Basabose,	
Kaleme,	 &	 Yumoto,	 2008).	 However,	 the	 distribution	 of	 such	 re‐
sources,	such	as	different	food	types	(preferred	and	fallback)	as	an	
indication	 of	 food	 quality	 for	 the	 animal	 species,	 has	 rarely	 been	
considered	when	 investigating	mechanisms	 that	may	 facilitate	 the	











investigated	 how	 the	 distribution	 of	 preferred	 fruits	 influenced	
K E Y W O R D S
ecological	niche,	fallback	food,	fruit	phenology,	fruit	preference,	habitat	selection,	Niche	
partitioning	in	primates
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habitat	use	by	lowland	tapirs	(Tapirus terrestris),	but	did	not	evaluate	
the	implications	for	coexistence	with	closely	related	species.
We	 aimed	 to	 evaluate	 whether	 varying	 spatial	 and	 temporal	
availability	of	fruiting	woody	plant	resources	(comprising	trees	and	
lianas)	can	contribute	to	explaining	the	coexistence	of	two	sympatric	
frugivores.	Coexistence	of	 two	 frugivorous	 species	 depends	 upon	
the	 outcome	 of	 species	 competition,	 which	 is	 in	 turn	 dependent	





(fallback	 fruits)	 to	 reduce	 the	 interspecific	 competition	when	 fruit	
availability	is	low	(Kinahan	&	Pillay,	2008;	Martin	&	Garnett,	2013).
We	used	 sympatric	 great	 apes	 (western	 lowland	 gorillas	Gorilla 
gorilla gorilla	and	central	chimpanzees	Pan troglodytes troglodytes)	as	
model	species,	because	they	occur	in	the	same	habitats,	share	feed‐
ing	habits	 to	some	extent	 (Tutin,	Fernandez,	Rogers,	Williamson,	&	













ape	 ecology	 (Lambert	 &	 Rothman,	 2015;	 Poulsen	 &	 Clark,	 2004)	















or	 both,	 hereafter	 termed	 “plant	 consumption	 traits.”	Consumption	
traits	describe	the	quality	of	the	fruiting	species	to	the	animal:	high‐
















species	 for	 both	 animals	would	 be	more	 associated	with	 chimpan‐
zee	 commonly	 preferred	 habitats	 (old	 secondary	 forests	 [Arnhem,	













the	site	 is	680.58	m	 (SD	=	17.53	m,	 range:	633–751	m)	 (Tédonzong	








We	 considered	 five	 habitat	 types	 in	 our	 study,	 based	 on	 the	
physical	 structure	of	 the	 forest,	 the	height	of	 the	dominant	 trees,	
and	the	hydromorphic	status	of	the	soil:	Mature	Forests	(MF),	Young	
Secondary	Forests	(YSF),	Light	Gaps	(LG),	Swamps	(SW)	and	Riparian	
Forests	 (RF),	modified	from	Willie	et	al.	 (2013),	Willie	et	al.	 (2014)	
(Figure	 A1).	We	 decided	 to	 combine	 the	 categories	 Near	 Primary	
Forests	(NPF)	and	Old	Secondary	Forests	(OSF),	as	defined	by	Willie	
et	al.	 (2013),	Willie	et	al.	 (2014),	 into	MF,	as	NPF	are	under‐repre‐
sented	in	our	study	site	(<5%)	and	both	NPF	and	OSF	represent	for‐
ests	at	advanced	 levels	of	 stand	development	 (Willie	et	al.,	2013).	
Following	Willie	 et	 al.	 (2013),	Willie	 et	 al.	 (2014),	MF	 are	 charac‐
terized	by	the	presence	of	 large,	 tall	 trees	with	diameter	at	breast	
height	 (DBH)	 >60	cm	 and	 height	 >25	m,	 and	 of	 tree	 species	 such	
as	 Piptadeniastrum africanum	 (Mimosaceae)	 and	 Distemonanthus 
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benthamianus	 (Ceasalpiniaceae).	 YSF	 are	 characterized	 by	 trees	 of	
smaller	DBH	and	height	(<25	cm	and	<25	m,	respectively)	than	MF.	
YSF	understory	 is	 very	dense,	with	 the	presence	of	pioneer	 trees	






natural	 death)	 and	 can	 then	 appear	 in	 any	 other	 habitat	 type	 de‐




2.2.1 | Great ape and habitat surveys
We	conducted	great	ape	nest	 surveys	on	20	6‐km	 transects	 from	
mid‐April	 2009	 to	 mid‐May	 2010	 using	 the	 marked	 nest	 count	
method	(Kühl,	Maisels,	Ancrenaz,	&	Williamson,	2008).	We	set	tran‐
sects	at	a	45°	bearing,	 to	cross	all	major	rivers	 (White	&	Edwards,	
2000),	 and	 separated	 from	 each	 other	 by	 a	 distance	 of	 300	m	
(Figure	 1).	 We	 walked	 transects	 every	 two	 weeks	 for	 13	months	
for	nest	 censuses,	 during	which	 recent	night	nests	 (<1‐month‐old)	
were	 recorded	 and	 marked	 with	 red	 paint	 to	 avoid	 recounting	 in	
the	 next	 survey.	 We	 considered	 multiple	 nests	 to	 belong	 to	 the	
same	nest	group	when	present	within	a	 radius	of	20	m	 (gorilla)	or	
30	m	 (chimpanzee)	 (Dupain,	 Guislain,	 Nguenang,	 Vleeschouwer,	 &	
Elsacker,	2004;	Tagg	&	Willie,	2013).	Because	we	focused	on	fresh	





2.2.2 | Great ape tracking, fecal sample 
collection and dietary analysis
From	 January	 to	December	2014,	we	 collected	 fecal	 samples	of	
gorillas	and	chimpanzees,	by	tracking	one‐day‐old	great	ape	trails	
to	 locate	 fresh	 nests.	 We	 differentiated	 feces	 and	 trails	 based	
on	 the	 presence	 of	 signs	 such	 as	 shape,	 size,	 associated	 odor,	
hairs	 (Head,	 Boesch,	 Makaga,	 &	 Robbins,	 2011),	 sightings,	 and	
F I G U R E  1   	Study	area	and	sampling	
design
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vocalizations.	We	washed	fecal	samples	through	a	1‐mm	sieve	and	
identified	extracted	 seeds	 to	 species	 level	where	possible,	 or	 to	







≥10	 and	 ≥5	cm,	 respectively,	 that	 were	 found	 in	 great	 ape	 fecal	
samples.	We	 collected	 specimens	 for	 all	 plant	 species	 that	 could	





2.2.4 | Fruit phenology and fruit characteristics




DBH	 and	 height.	We	monitored	 these	 focal	 trees	monthly	 (from	
January	2014	to	December	2014)	for	fruit	phenological	data.	Using	
a	three‐level	score	(0	=	none,	1	=	few	and	2	=	many),	we	character‐
ized	 the	quantity	of	 fruits	 seen	 in	 the	 tree	or	on	 the	ground.	We	
noted	information	regarding	the	quantity	of	unripe	fruits	and	ripe	
fruits	on	the	tree,	and	the	quantity	of	unripe	and	ripe	intact	fruits	
on	 the	 ground.	 Each	month,	we	 collected	 random	 samples	 of	 10	














where ri	 is	 the	percentage	of	nests	 in	habitat	 i; pi	 is	 the	propor‐
tion	of	habitat	 i,	and	m	 is	 the	total	number	of	habitat	types.	The	
selectivity	 ratio,	 Wi,	 varies	 on	 a	 scale	 from	 0	 (avoidance)	 to	 1	
(preference).	We	used	 the	 selectivity	 ratio	 to	calculate	a	 second	
value,	W'i,	(Equation	(2)	which	is	used	to	decide	whether	a	habitat	
is	preferred	or	used	in	a	proportion	less	than	expected	by	chance.	
Values	of	W′	<1	 indicate	that	 the	habitat	 is	used	 in	a	proportion	




of	 habitat	 selection	 using	 the	 package	 adehabitatHS (Calenge,	
2006)	in	R	version	3.4.2	(R	Core	Team,	2018).
2.3.2 | Preferred and fallback fruits
We	 used	 three	 parameters	 [Stem	 density	 (D),	 Fruit	 Availability	
Potential	(FAP),	Mean	Consumption	Score	(MCS)]	to	calculate	Global	










i	 in	month	 j,	Bnij	 is	 the	 basal	 area	 of	 the	 individual	n	 of	 species	 i 





number	of	seeds	per	 fruit;	otherwise,	 the	number	of	 fruits	corre‐
sponded	to	the	number	of	seeds	in	the	fecal	sample	divided	by	the	
species‐specific	mean	number	of	seeds	 (for	decimal	numbers,	 the	
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corresponding	 to	more	 preferred	 species	 and	 lower	 values	 corre‐
sponding	to	less	preferred	species.
Our	 calculation	 is	 an	 improvement	 of	 previous	 methods	 that	
were	solely	based	on	the	percentage	of	fecal	samples	in	which	the	
fruits	were	found	(Basabose	&	Yamagiwa,	2002;	Etiendem	&	Tagg,	












have	 different	 centroids,	 for	 FAP	 and	 MCS	 (Anderson	 &	 Walsh,	
2013).	We	also	 tested	 for	homogeneity	within	 seasons	 to	confirm	
the	results	of	the	PERMANOVA	(Oksanen	et	al.,	2018).
We	determined	 fallback	 fruiting	plant	species	 for	gorillas	and	
chimpanzees	 by	 considering	 the	 trend	 of	 the	 FAP	 of	 each	 plant	
species	 between	 seasons,	 and	 the	MCS	 of	 each	 species,	 for	 go‐
rillas	 and	 chimpanzees	 (Harrison	 &	Marshall,	 2011;	 Yamagiwa	 &	
Basabose,	 2009).	We	 divided	 the	 seasons	 into	 two	 groups:	 two	
seasons	 of	 higher	 total	 FAP	 and	 two	 seasons	 of	 lower	 FAP.	We	
considered	a	species	fallback	for	either	gorillas	or	chimpanzees	if	
it	 fruited	 in	 at	 least	 three	 seasons,	 and	 if	 the	 trend	of	MCS	was	
negative	to	that	of	the	FAP.	Then,	we	considered	as	fallback	those	
fruiting	 species	 with	 high	 FAP	 in	 seasons	 of	 high	 fruit	 availabil‐
ity,	but	with	high	MCS	 in	a	 season	of	 lower	 fruit	availability.	We	
produced	 the	 respective	 lists	 of	 preferred	 and	 fallback	 species	






package	 vegan	 (Oksanen	 et	 al.,	 2018)	 in	 R	 version	 3.4.2	 (R	 Core	




2.3.3 | Distribution of Plant consumption traits
We	 defined	 the	 plant	 consumption	 traits	 as:	 preferred	 by	 either	
gorillas	 or	 chimpanzees	 (“Preferred	 chimpanzee”	 and	 “Preferred	
gorilla”),	 preferred	 by	 both	 gorillas	 and	 chimpanzees	 (“Preferred	
apes”),	 fallback	 for	either	gorillas	or	chimpanzees	 (“Fallback	chim‐
panzee”	 and	 “Fallback	 gorilla”),	 or	 fallback	 for	 both	 gorillas	 and	
chimpanzees	 (“Fallback	apes”).	We	used	Correspondence	Analysis	








1974).	 CA	 is	more	 accurate	when	 the	 number	 of	 species	 is	 small	
(Fayolle	et	al.,	2014)	and	is,	therefore,	suitable	for	the	limited	num‐
ber	of	plant	traits	and	species	in	our	study.	We	used	the	first	two	
axes	 to	 illustrate	 the	 divergence	 of	 plant	 traits	 and	 plant	 species	
abundance	across	 the	different	habitat	 types.	The	CA	 results	 are	

























Chi‐square df p‐value Chi‐square df p‐value
Long	dry 148.167 4 0.000 43.554 4 0.000
Short	dry 116.874 4 0.000 16.441 4 0.002
Long	rainy 141.601 4 0.000 78.267 4 0.000
Short	rainy 160.201 4 0.000 49.441 4 0.000
TA B L E  1  Chi‐square	of	Manly	
Selectivity	test	for	habitat	use	by	gorillas	
and	chimpanzees	in	the	different	seasons
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the	 combination	of	 habitat	 types	 and	plant	 traits	 that	 have	more	
inertia	and	 that	contribute	 to	 the	 rejection	of	 the	null	hypothesis	
(Casanoves	 et	 al.,	 1995).	 Finally,	 CA	 also	 provides	 a	 row–column	






consumed	 fruiting	 plant	 species	 were	 found	 before	 running	 the	
analysis.	We	used	 the	software	package	 Infostat 2016	 to	conduct	
the	CA	(Casanoves	et	al.,	1995).
3  | RESULTS
Tables	A2	and	A3	present	 the	number	of	nests	 and	 fecal	 samples	
collected	per	species	per	months,	respectively.
3.1 | Seasonal habitat selection by gorillas and 
chimpanzees
The	 selection	 of	 habitats	 by	 both	 gorillas	 and	 chimpanzees	 in	







be	 expected	 by	 chance	 in	 the	 long	 rainy	 season	 (Figure	 2a).	 Also,	
RF	was	used	proportionally	to	its	availability	by	gorillas	in	the	short	
dry	and	short	rainy	seasons	but	was	in	proportion	significantly	less	

















Short dry season Short rainy season
Long dry season Long rainy season






































Habitat LG MF RF SW YSF
Season LDS LRS SDS SRS
(b)














used	proportionally	 to	 its	 availability	 (Figure	A2a,b).	However,	 the	
present	study	reveals	a	use	of	LG	by	gorillas	across	all	seasons	pro‐



































by	 chimpanzees	 (namely	 Santiria trimera,	 Enantia chlorantha,	 and	
Celtis tessmannii)	are	 less	preferred	by	gorillas.	Similarly,	Ficus spp.,	
Tetrapleura tetraptera,	and	Sorindeia grandifolia	are	highly	preferred	
by	gorillas	and	 less	preferred	by	chimpanzees	 (Table	2).	Regarding	









We	 attributed	 a	 species	 to	 either	 “fallback”	 or	 “preferred”	 using	




spp.,	Uapaca spp.,	Tetrapleura tetraptera,	Antrocaryon klaineanum)	for	
gorillas	 and	 two	 species	 (Uapaca spp.,	Antrocaryon klaineanum)	 for	
chimpanzees	were	classified	as	both	fallback	and	preferred	and	were	
then	assigned	to	fallback.

















S ti i trimera




















SRS −0.5 0.0 0.5 1.0
NMDS1
(a) Stress = 0.075












Poly ia sualth aveolens
nti. ria trimera
























PERMANOVA (p) = 0.000
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Species name Family
Chimpanzee Gorilla
GIS Rank GIS Rank
Landolphia spp.a  Apocynaceae 3285.339 1#  608.751 1# 
Chrysophyllum lacourtianum Sapotaceae 60.898 2#  17.899 4# 
Santiria trimera Burseraceae 22.911 3#  0.883 11# 
Uapaca spp.b  Euphorbiaceae 16.803 4##  10.861 6## 
Enantia chlorantha Annonaceae 3.306 5#  0.053 14
Celtis tessmannii Ulmaceae 3.276 6#  2.086 10# 
Antrocaryon klaineanum Anacardiaceae 1.581 7##  91.494 2## 
Heisteria parvifolia Olacaceae 1.554 8#  0.122 13
Cleistopholis patens Annonacae 1.350 9#  0e 17
Ficus spp.c  Moraceae 0.935 10 27.492 3## 
Duboscia macrocarpa Tiliaceae 0.835 11 0.461 12## 
Cissus dinklagei Vitaceae 0.517 12 0.011 15## 
Tetrapleura tetraptera Mimosaceae 0.251 13##  9.947 7## 
Trichoscypha spp.d  Anacardiaceae 0.178 14 8.014 8# 
Sorindeia grandifolia Anacardiaceae 0.175 15 13.175 5# 
Polyalthia suaveolens Annonaceae 0.050 16 *  UC
Klainedoxa gabonensis Irvingiaceae 0.031 17 4.835 9# 
Myrianthus arboreus Urticaceae **  UC##  0.004 16## 
Pachypodanthium staudtii Annonaceae **  UC **  UC
Dialium spp. Ceasalpiniaceae ***  UC ***  UC
Note.	GIS:	Global	Importance	Score;	UC:	unclassified;	e:	GIS	<0.001.
aIncludes L. glabra, L. jumellei, L. landolphioides, L. mannii, L. maxima, L. owariensis, L. violacea, L. jumel‐
lei, and	two	unidentified	species.	bIncludes	U. acuminata, U. guineensis, U. paludosa, U. vanhoutei. cIn‐
cludes	 Ficus mucuso,	 and	 some	 stranglers.	 dIncludes	 T. abut and	 T. acuminata. *Not	 consumed.	
**Consumed	but	not	found	during	phenological	surveys.	***consumed	but	not	found	neither	in	phe‐
nological	surveys	nor	in	botanical	inventories.	#Preferred	species.	##Fallback	species.	
TA B L E  2  Fruit	preference	orders	for	
gorillas	and	chimpanzees
F I G U R E  4   	Fallback	fruit	species	determination.	Lines	present	the	trends	of	FAP	and	MCS;	FAP:	fruit	availability	potential,	MCS:	mean	
consumption	score,	LDS:	long	dry	season,	LRS:	long	rainy	season,	SDS:	short	rainy	season,	SRS:	short	rainy	season,	and	Chimp.:	Chimpanzee.	
Excluded	species	are	with	too	low	MCS	values

























Antrocaryon klaineanum 59.0 250.4 42.3 62.5 499.8 0.0 0.6 0.0 51.3 0.0 0.0 0.0
Cels tessmannii 0.0 2,557.8 163.4 2,695.4 0.0 507.8 0.0 32.7 0.0 1,148.4 0.0 0.0
Chrysophyllum lacouranum 191.7 315.6 227.8 438.0 0.0 4.7 664.3 4.1 0.0 0.0 1,066.6 0.0
Cissus dinklagei 0.0 106.5 4.8 10.8 13.0 0.1 0.0 0.0 0.0 4.8 0.1 0.0
Cleistopholis patens 74.7 116.8 390.6 227.0 0.0 0.0 0.0 0.0 0.0 0.0 77.9 0.0
Duboscia macrocarpa 140.8 3,657.0 827.8 5,894.2 929.4 1.5 21.9 6.4 0.0 0.0 59.7 12.0
Enana chlorantha 220.5 144.3 700.7 863.1 3.4 0.0 0.1 0.0 127.3 0.0 317.8 0.0
Ficus spp. 205.5 305.9 421.7 729.7 103.7 0.1 0.0 0.0 0.0 0.0 85.9 23.1
Heisteria parvifolia 0.0 518.4 863.9 8,328.9 0.0 0.0 42.3 0.0 0.0 0.1 41.2 419.1
Klainedoxa gabonensis 2,471.5 0.0 4,264.6 1,219.0 37.7 0.0 2,142.7 0.0 0.0 0.0 61.4 0.0
Landolphia spp. 34.4 694.6 250.2 642.9 3,24.1 8,538.1 2,384.2 5,147.8 377.3 6,930.4 4,597.1 7,917.5
Myrianthus arboreus 0.0 172.4 258.9 215.2 0.0 119.5 0.0 18.3 0.0 69.1 0.0 0.0
Pachypodanthium staudi 0.0 148.4 480.1 909.7 0.0 3.9 0.0 0.0 0.0 0.0 0.0 0.0
Polyalthia suaveolens 0.0 408.5 4,566.3 1,210.2 0.0 0.0 0.0 0.0 0.0 0.0 19.8 9.5
Sanria trimera 0.0 236.0 0.0 0.0 0.0 7.6 0.0 253.1 0.0 198.5 0.0 0.4
Sorindeia grandifolia 0.0 229.0 365.0 683.8 0.0 0.0 0.0 727.1 0.0 0.0 0.8 10.3
Tetrapleura tetraptera 166.5 571.5 295.3 380.0 817.5 0.0 0.0 3.0 41.4 0.0 0.0 0.0
Trichoscypha spp. 0.0 8.2 49.1 386.1 0.0 0.0 0.0 456.7 0.0 0.0 0.0 14.1
Uapaca spp. 680.5 3,677.8 2,448.0 960.4 1,755.1 0.1 3.1 0.0 5,947.1 0.4 12.5 1.9
Total FAP 4,245.3 14,119.1 16,620.7 25,856.8
Maximum value
Fallback fruing species considered in 
the analysis
Fallback fruing species 
excluded from the analysis
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3.3 | Spatial distribution of fruiting plants in relation 
to their consumption traits
The	results	of	CA	indicate	a	high	correlation	between	MF	and	SW	
and	the	first	axis,	while	YSF	and	RF	are	weakly	correlated	with	the	
first	 axis	 (Figure	 5a).	 Additionally,	 YSF	 and	 RF	 have	 their	 highest	
correlation	with	 the	 second	 axis,	 but	 YSF	 and	 SW	have	 a	 similar	
correlation	with	 the	 second	 axis	 (Figure	5a).	MF	 and	 SW	are	 far‐
ther	 from	the	center	and	are	 located	on	both	sides	of	 the	center,	






The	proximity	of	YSF	 and	RF	 to	 the	 center	 on	 the	 first	 axis	 indi‐
cates	 that	 they	weakly	 contribute	 to	 the	 separation	 of	 the	 plant	
consumption	 traits.	 The	 ordination	 plot	 has	 separated	 two	 plant	
consumption	 traits	 categories:	 the	 group	 of	 preferred	 plant	 spe‐
cies,	 negatively	 correlated	with	 the	 first	 axis	 as	MF,	 and	 fallback	
species	positively	correlated	with	the	first	axis	as	SW	(Figure	5a).	







associated	with	 SW,	 indicating	 that	 the	 abundance	of	 fewer	 spe‐
cies	may	 influence	 the	association	of	plant	 traits	 to	habitat	 types	
















in	SW	(Figure	6a,b).	Myrianthus arboreus,	Landolphia spp.,	Celtis tess‐
manii,	and	Santiria trimera	are	also	highly	differentiated,	with	their	
highest	 abundance	 respectively	 in	 YSF	 and	 RF	 for	 the	 first	 two,	
and	MF	for	the	rest	(Figure	6b).	Many	species,	such	as	Antrocaryon 
klaineanum,	Chrysophyllum lacourtianum,	and	Klainedoxa gabonensis, 
do	not	 relatively	show	any	association	pattern	with	habitat	 types	
(Figure	6b).	They	certainly	 influence	 less	 the	abundances	of	plant	
consumption	traits	by	habitat	types	(Figure	6a).
It	 should	be	noted	 that	Uapaca spp.	 is	 the	only	 fruiting	plant	
species	accounting	for	the	high	abundance	of	fallback	fruits	to	both	
gorillas	 and	 chimpanzees	 (fallback	 apes)	 in	 swamps	 (Figure	6a,b).	
Given	 that	 this	 species	 was	 mostly	 consumed	 in	 the	 long	 dry	
season	 by	 gorillas	 and	 chimpanzees,	 with	 chimpanzees	 consum‐
ing	 more	 than	 gorillas	 (Figure	 3b),	 and	 that	 Uapaca spp.	 is	 the	
most	abundant	great	ape	 fruiting	plant	 species	 found	 in	 swamps	
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4  | DISCUSSION
Resource	competition	(interference	and	exploitation)	is	an	important	












chimpanzees.	 However,	 considering	 the	 differential	 distribution	 of	
fruiting	woody	plant	consumption	traits,	we	found	that	chimpanzees	
may	prefer	habitat	types	where	their	preferred	fruiting	plant	species	




The	main	 limitation	of	our	 study	 is	 that	we	used	data	on	great	
ape	habitat	use	 and	 fruit	 consumption	 collected	 in	different	 years.	
Due	to	the	 inter‐annual	variability	 in	fruit	phenology,	the	results	of	
fruit	 preference	 and	 plant	 consumption	 traits	 distribution	may	 not	
reflect	 exactly	 the	 pattern	 of	 habitat	 use	when	 nest	 surveys	were	
conducted.	However,	we	still	consider	our	results	to	be	reliable	be‐
cause	 similar	patterns	of	 fruiting	periods	 and	FAP,	 fruit	 preference	
and	fallback	were	observed	in	other	sites	for	several	common	plant	
species	 (Doran	 et	 al.,	 2002;	 Doran‐Sheehy	 et	 al.,	 2009;	 Harrison	
&	Marshall,	2011;	Head	et	al.,	2011;	Nishihara,	1995;	Remis,	1997;	
Rogers,	Voysey,	McDonald,	Parnell,	&	Tutin,	1998),	and	through	pre‐
vious	 research	 in	our	 research	 site	 (Deblauwe,	2009;	Petre,	 2016).	
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Hashimoto,	and	Tashiro	 (2001)	and	Morgan	et	al.	 (2006)	 that	great	
apes	range	in	habitats	that	are	not	their	preferred	nesting	habitats.
We	calculated	the	FAP	using	fruiting	scores	rather	than	the	true	
quantity	of	 fruits	 in	 the	 trees;	 however,	 our	 results	 are	 still	 useful	
in	that	our	FAP	provides	a	relative	fruit	quantity	as	the	calculation	
integrates	 the	DBH.	Studies	have	considered	 the	 “fallen	 fruit	phe‐
nology”	method	to	quantify	fruit	availability	(Chapman,	Wrangham,	






4.1 | Seasonal change in patterns of habitat use and 
great ape coexistence















observations.	Our	 seasonal	 analysis	 revealed	 a	 significant	 increase	
in	 swamp	use	by	chimpanzees	 in	 the	 long	dry	 season,	as	observed	










an	 important	habitat	 for	gorilla	 survival	because	of	 the	higher	per‐
centage	of	nests	built	(Tédonzong	et	al.,	2018).
Due	to	the	spatial	heterogeneity,	gorillas	and	chimpanzees	may	
have	 reached	 a	 stable	 local	 coexistence	 across	 their	 range	on	 the	




of	 riparian	 forests	 from	 significantly	 avoided	 in	 the	 long	 dry	 and	
long	rainy	seasons	to	randomly	used	in	the	short	dry	and	short	rainy	
seasons	by	gorillas	(Figure	2a).	This	suggests	that	the	niches	of	the	

































4.2 | Fruit preference, fallback fruits, and 




2015).	Our	 results	 indicate	 that	gorillas	 and	chimpanzees	consumed	
almost	 the	 same	 fruiting	plant	 species,	which	 is	 consistent	with	 the	
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high	overlap	 in	 fruit	 consumption	observed	 in	other	 sites	 (Basabose	
















many	other	 fruits	 are	 fallback	 for	 gorillas	 alone	 (Figure	4).	Dietary	
niche	partitioning	between	gorillas	and	chimpanzees	has	long	been	
viewed	at	the	level	of	diet	guilds,	considering	fruits	as	preferred	and	
herbaceous	and	other	 vegetative	 foods	as	 fallback	 (Doran‐Sheehy,	
Mongo,	 Lodwick,	 &	 Conklin‐Brittain,	 2008;	 Doran‐Sheehy	 et	 al.,	
2009;	Rogers	et	al.,	2004;	Williamson,	Tutin,	Rogers,	&	Fernandez,	
1990).	 Although	 fallback	 foods	 have	 been	 viewed	 as	 those	 of	 low	
nutritional	 value	 (Doran‐Sheehy	 et	 al.,	 2008;	 Rogers	 et	 al.,	 2004),	
determination	of	 fallback	 foods	 has	 rarely	 been	 carried	out	 at	 the	





zees	 (Harrison	&	Marshall,	 2011)	 and	 a	 preferred	 food	 for	 gorillas	
(Chapman,	Chapman,	 Zanne,	 Poulsen,	&	Clark,	 2005;	 Yamagiwa	&	
Basabose,	2009).	Our	results	also	show	that	both	gorillas	and	chim‐
panzees	 considerably	 increased	 their	 consumption	 of	Uapaca spp.	
fruits	in	low	fruit	availability	seasons	(Figure	4).	Landolphia spp.	fruits	
were	mostly	available	in	the	short	dry,	short	rainy	and	long	rainy	sea‐
sons,	 and	 in	 those	 seasons	 they	were	highly	 incorporated	 into	 the	
diet	of	both	great	ape	species	(Figure	4).	Head	et	al.	(2011)	classified	
Uapaca	spp.	as	one	of	the	top	10	most	consumed	species	by	gorillas	






















diet	during	 low	 fruit	availability	periods	by	Head	et	al.	 (2011),	 it	 ap‐
peared	that	gorillas	never	consumed	lipid‐rich	fruiting	species	such	as	
Staudtia gabonensis and	Pycnanthus angolensis,	in	any	season;	however,	
we	found	none	of	those	species	to	be	consumed	by	great	apes	in	our	










zees	 (Tutin	et	al.,	1991).	 Indeed,	 the	diversity	of	 fruits	consumed	by	
gorillas	 and	 chimpanzees	may	 result	 in	 sufficiently	 large	 fruit	 niche	
breadths	so	that	competition	is	reduced,	despite	the	high	fruit	dietary	



















4.3 | Spatial distribution of preferred and fallback 
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and	YSF	 (Figure	6a).	As	chimpanzees	significantly	preferred	mature	
forest,	this	suggests	they	may	prefer	nesting	in	habitats	which	hold	






















fruits	 are	 more	 available,	 for	 example	 in	 mature	 forest,	 to	 reduce	






determined	 by	 the	 availability	 of	 fruits	 is	 supported	 by	 Basabose	
(2005),	who	observed	chimpanzees	visiting	gorilla	preferred	nesting	








is	 more	 abundant.	 Competitive	 exclusion	 may	 be	 avoided	 if	 fruit	
availability	is	high	(Head	et	al.,	2012).	This	may	explain	the	simulta‐
neous	selection	of	swamps	by	gorillas	and	chimpanzees	in	the	long	














































fallback	 fruiting	 species	 were	 more	 abundant	 in	 gorilla	 preferred	










ability	 and	 the	different	 abundances	of	 the	different	 fruiting	plant	
species	of	different	quality	across	habitats	are	two	ecological	factors	
that	 have	 facilitated	 niche	 partitioning	 between	 gorillas	 and	 chim‐
panzees	(Figure	7).	Also,	the	general	tendency	of	preferred	fruiting	
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TA B L E  A 2  Number	of	nests	recorded	for	each	animal	species,	per	season,	per	month,	and	per	habitat














Chimpanzee Long	dry	season December	2009 0 18 17 15 25 3 78
February	2010 0 15 18 5 6 0 44
January	2010 0 9 12 12 17 0 50
Total	chimpanzee	in	the	long	dry	season 0 42 47 32 48 3 172
Long	rainy	season April	2009 0 2 15 0 1 0 18
April	2010 0 0 2 3 4 0 9
June	2009 1 20 18 11 4 1 55
March	2010 0 16 15 0 3 1 35
May	2009 1 13 25 3 5 0 47
Total	chimpanzee	in	the	long	rainy	season 2 51 75 17 17 2 164
Short	dry	season August	2009 0 15 17 6 5 0 43
July 2009 0 19 12 15 3 0 49
Total	chimpanzee	in	the	short	dry	season 0 34 29 8 0 92
Short	rainy	season November	2009 0 33 25 6 23 0 87
October	2009 0 51 9 6 12 2 80
September	2009 0 26 13 6 13 3 61
Total	chimpanzee	in	the	short	rainy	season 0 110 47 18 48 5 228
Total	chimpanzees 2 237 198 67 121 10 656
Gorilla Long	dry	season December	2009 0 0 0 0 1 2 3
February	2010 0 0 0 0 2 4 6
January	2010 4 0 0 0 13 1 18
Total	gorilla	in	the	long	dry	season 4 0 0 0 16 7 27
Long	rainy	season April	2009 0 0 0 0 7 0 7
April	2010 0 2 0 0 9 0 11
June	2009 4 0 0 0 4 0 8
March	2010 1 0 0 0 5 0 6
May	2009 0 0 0 0 6 3 9
Total	gorilla	in	the	long	rainy	season 5 2 0 0 31 3 41
Short	dry	season August	2009 1 0 1 0 8 1 11
July 2009 0 0 0 1 1 7 9
Total	gorilla	in	the	short	dry	season 1 0 1 1 9 8 20
Short	rainy	season November	2009 1 0 0 0 3 11 15
October	2009 1 0 0 0 13 0 14
September	2009 2 0 0 1 4 0 7
Total	gorilla	in	the	short	rainy	season 4 0 0 1 20 11 36
Total	gorillas 14 2 1 2 76 29 124
22  |     TÉDONZONG eT al.
TA B L E  A 3  Number	of	fecal	samples	analyzed	for	each	animal	species	(gorilla	and	chimpanzee),	per	month,	and	per	season	in	2014.	No	
fecal	sample	was	collected	in	March	2014
Season Month Chimpanzee Gorilla Total
Long	dry	season January	2014 53 44 97
February	2014 4 66 70
December	2014 19 105 124
March	2014 0 0 0
Long	rainy	season April	2014 9 8 17
May	2014 7 25 32
June	2014 98 58 156
Short	dry	season July 2014 105 97 202
August	2014 51 129 180
Short	rainy	season September	2014 6 65 71
October	2014 43 261 304
November	2014 14 47 61
Total 409 905 1,314
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